the spectrum of the core of the blue compact dwarf IIZw40 may be dominated by the light of young stars and nebular emission, with less than 25 per cent of the light being attributable to an evolved population.
Whether or not an old population exists in the least luminous star-forming dwarfs is unlikely to be resolved with certainty through photometry or spectroscopy of the integrated light because of the ambiguities associated with population syntheses of multicomponent systems, especially where so much of the light comes from young stars (see Bica, Alloin & Schmidt 1990) . However, resolution of individual stars in an extreme low-luminosity star-forming dwarf galaxy would help to get around many of the problems. In particular, an infrared colour-magnitude diagram could be used to segregate young from old stars and reveal the mix of contributions to the infrared light. Furthermore, knowledge of the luminosity of the old population would enable a determination of how much a dwarf should fade following the cessation of star formation, and thereby help to establish whether there exists a relationship between dwarf irregular galaxies and dwarf spheroidals.
One of the best galaxies for such a study is the lowluminosity dwarf SDIG (the Sculptor dwarf irregular galaxy) in the Sculptor group (Laustsen et al. 1977) . Its absolute magnitude, M B = -11.2, makes it one of the least luminous dwarf irregulars known. Based upon the luminosity-metallicity relation for dwarf irregulars, the oxygen abundance should be about the same as that of IZw18 (Richer & McCall 1995) . It is close enough that the brightest stars in the optical, most of which are blue, are readily resolved (Lequeux & West 1981 , hereafter referred to as LW81).
We have carried out a comprehensive imaging study of SDIG in both the optical (B, R and Hex) and near-infrared (J and Kn) in order to study the current distribution and rate of star formation activity, to trace any old population, and to gain insights into the evolution of small galaxies. Properties of SDIG are reviewed in Section 2. Observations and reductions are presented in Section 3. In Section 4, the data are used to examine stellar population,s, the global distribution of light and the evolutionary history. The rate at which stars are currently forming in SDIG is also discussed. Conclusions are presented in Section 5.
THE SCULPTOR DWARF IRREGULAR GALAXY
Here, the general characteristics of SDIG are reviewed and key parameters to be adopted in this paper are noted. A summary of properties is given in Table 1 .
Optical photometry
The only stellar photometry of SDIG presented in the literature is that of LW81, and it is labelled 'preliminary'. Using a combination of electronographic (V) and photographic (B) images, they concluded that most of the stars in the central body of SDIG are blue and that the galaxy contains very few red stars. From the data of Laustsen et al. (1977) , de Vaucouleurs & Moss (1983) The SDIG: present and past 375 the CCD photometry presented in this paper, BT = 15.56 ± 0.07 and RT = 14.78 ± 0.04. Also, the isophotal diameter in B is D25 =53 arcsec. Through a 66-arcsec aperture, Laustsen et al. (1977) measured B -V=0.64.
Reddening
SDIG lies near the South Galactic Pole, so the galactic extinction is small. Laustsen et al. (1977) adopted a colour excess of 0 mag, whereas LW81 suggested that the colour excess for SDIG should be similar to the colour excess of the Sculptor dwarf spheroidal, for which studies of the colourmagnitude diagram reveal E(B -V) = 0.02 mag. The RC3 (de Vaucouleurs et al. 1991 ) lists a colour excess of zero, which is derived from galaxy counts and measurements of galactic H I (Burstein & Heiles 1984) . Given that SDIG is more than 10° away from the Sculptor dwarf spheroidal, a direct measurement is preferable. Thus, the authors adopt the RC3 value, namely E(B -v)gal = 0.00 mag.
The internal extinction in SDIG is unknown. Based on model fits to optical surface brightness profiles, we conclude that the peak colour excess owing to internal dust is less than 0.08 mag, and this is within the central region covering a few arcseconds (Section 4.2.2). Given the many assumptions, the small area affected by dust (diameter < 8 arcsec) compared to the region over which stars have been investigated (diameter ~ 1.5 arcmin), we assume that the colour excess owing to internal dust is E(B -vynt = 0.00 mag, for the purpose of calculating the intrinsic colours of stars in SDIG.
Distance and absolute magnitude
An upper limit to the distance of SDIG can be gained from the magnitudes of the brightest blue stars. The mean apparent B magnitude of the brightest three blue stars in SDIG is <B(3»=20.97 (de Vaucouleurs & Moss 1983; Moss & de Vaucouleurs 1986) . If the brightest stars were as bright as those found in typical star-forming dwarfs, then the distance modulus would be 27.85, based upon our measured apparent total magnitude and the calibration of absolute magnitudes by Richer & McCall (1995) . The result is founded upon an LMC distance modulus of 18.37. It places SDIG near the far side of the Sculptor group, the members of which have distance moduli ranging from 25.7 to 27.7 (Richer & McCall 1995; Pierce & Tully 1992) . However, it will be shown in this paper that SDIG is not presently forming stars, so the brightest stars are probably intrinsically dimmer than is typical for star-forming dwarfs. Thus, the derived distance is almost certainly an upper limit.
On the sky, SDIG is very close to both NGC 55 and NGC 7793, the distances of which span the depth of the Sculptor group. Thus, it is not possible to guess a distance by associating SDIG with a larger galaxy. The best that can be done is to assume that the distance is close to the mean for the group. Taking into account the spread, we adopt a dis- 
Far-infrared photometry
The far-infrared emission in galaxies provides information on the intensity of the interstellar radiation field and the amount of dust, and has been used in the past to estimate star formation rates (e.g., de Jong et al. 1984) . SDIG is not found in the lRAS Point Source Catalogue nor in the lRAS Faint Source Catalogue (Beichman et al. 1988 ), but better sensitivities were achieved by Melisse & Israel (1994) using co-added data. Melisse & Israel calculated upper limits for the far-infrared fluxes in the 12-,25-, 60-and 100-/lm bands, and these are given in Table 1. 2.5 HI SDIG was originally detected at 21 ,cm by Cesarsky, Falgarone & Lequeux (1977) , who measured a radial velocity of 207 km S-1 and an integrated flux of ~5.7 Jy km S-I. More recently Cote (1995) measured a radial velocity of 229 km s -1 and an integrated H r flux of 2.7 Jy km s -1. The radial velocity for SDIG is similar to the radial velocities of the galaxies in the Sculptor group (Puche & Carignan 1988) , strengthening the view that SDIG is a member. We cannot explain the large discrepancy in the H r flux measurements, but adopt the most recently measured value. The corresponding mass of neutral hydrogen is 3.3 x 10 6 M o ' given the adopted distance of SDIG. The ratio of the H r mass (in Mo) to the area (in kpc 2 ) defined by the isophotal diameter D25 in B is 10gM(H r)/ Dt = 6.98. This is very close to the mean value for late-type galaxies, which is 6.87 with a scatter of only 0.17 dex (Haynes & Giovanelli 1984 (Roberts & Haynes 1994) . A dwarf which has faded significantly since its last burst of star formation might be expected to show an H I mass per unit area which is close to normal, but an H I mass per unit luminosity which is anomalously high. The results above suggest that SDIG has faded by less than a magnitude in B relative to a state typical of star-forming dwarfs with the same HI mass.
Metallicity
At present, there is no direct spectroscopic data on the metallicity of SDIG. However, it is possible to infer the oxygen abundance from the relationship between luminosity and metallicity for dwarf irregular galaxies presented by Richer & McCall (1995) . Based upon M B , 12 + 10gn(O)1 n(H) =7.3 ± 0.2, where the uncertainty accounts only for the scatter in the luminosity-metallicity relation. Thus, SDIG appears to be one of the most metal poor dwarf irregular galaxies known, with an oxygen abundance only 2 per cent of the solar value. A revision of 1 mag in MB , which could arise from a distance error or from fading, would only change the abundance by 0.15 dex.
OBSERVATIONS AND REDUCTIONS
3.1 Broad-band imaging: near-infrared SDIG was observed using near-infrared passbands J (1.25 1Jlll) and Kn (2.2 ). The Kn filter, with half-power points at 1.95 and 2.30 , is narrower than the standard K filter. Compared with K, the design of the Kn filter reduces the effect of water vapour absorption on the blue side, which ensures photometric stability at a humid site such as the AngloAustralian Telescope (AAT), and also reduces thermal emission on the red side, increasing sensitivity.
The near-infrared images of SDIG were acquired using the InfraRed Imaging Spectrograph (IRIS) at the fl15 Cassegrain focus of the AAT. IRIS has a detector array with size 128 x 128 pixel, which provid~s an image scale of 0.61 arcsec pixel-I. The northern half of SDIG was observed on 1993 September 30 under photometric conditions and seeing of 0.8 arcsec (FWHM), and the southern half on 1993 The SDIG: present and past 377
October 2 with intermittent cloud cover and seeing of 0.9 arcsec. The log of the observations is given in Table 2 . Throughout the night of September 30, we regularly observed photometric standard stars listed in the IRIS User's Guide (Allen 1993). The images of SDIG were taken in sets of four, with each one jittered by ~ 5 arcsec to the north, south, east and west. After each set of four SDIG images, a similar set of four images of an adjacent region of sky was taken.
The Kn data were obtained using the 'double correlated sampling' method in which the array is not read out until the end of the integration. This method boosts efficiency, because the detector is continually collecting photons and is quickly reset at the end of each exposure cycle. The drawback is the relatively high readout noise of ~ 130 e -, although this is not a major consideration for our Kn data as the photon shot noise from the sky exceeds the readout noise. The J observations were made using a 'non-destructive readout mode' (NDR), in which the signal is sampled regularly at a selected rate during the exposure. The NDR measurements for each integration are saved and fitted by a linear regression to determine the signal. Although costly in time, this method is very useful for long exposures of faint sources, as it boasts a readout noise of only ~ 42 e -, and has the advantage that saturated pixels are corrected by rejecting data acquired after the saturation level is reached.
Reductions of the IRIS data were carried out using FIGARO (a Starlink data reduction program), and specialized subroutines developed for IRIS reductions. First, the bias pattern and the dark current were subtracted. To compensate for pixel-to-pixel variations in response, especially vertical striping from the silicon multiplexer to which the HgCdTe detector elements were bonded, the data were flatfielded in the following manner. Two sets of images of a white screen in the dome were taken, one set illuminated by a tungsten lamp, and the other set with the lamp off. A master dome flat was created by subtracting the flat-field image taken with the lamp off from the image illuminated by the lamp. This master dome flat has the thermal radiation emanating from the telescope metal work and dome removed, thereby creating a better match between the spectral content of the flat-field image and that of a galaxy.
During the night, observations of sky were obtained in a manner similar to the images of SDIG. Thus, for each programme observation and for each filter, it was possible to construct a sky flat free of stars by median-combining the individual sky frames. The resulting sky flat was scaled and subtracted from the individual images.
To create combined images of the SDIG field, frames were first aligned, four at a time. No stellar sources were bright enough in individual frames to centroid accurately, so the known telescope offsets were used to accomplish the shifting, and create a four-frame average. Sources were clearly visible in these four-frame averages. Next, the fourframe averages were aligned by applying shifts based upon positions of common objects. A few images from the nonphotometric night were discarded because of bad sky subtraction. Groups of about 5 four-frame averages were combined, based upon whether the data were taken at the beginning, middle or end of each observing night. After another round of alignment and averaging, four final images were created: two images of SDIG for each filter, J and Kn, one centred in the northern part of the galaxy and the other in the southern region of the galaxy. The results for the separate nights were then mosaicked together for each filter, producing one image of SDIG in each of the passbands J and Kn. The same procedure was followed to produce images of the sky region in the vicinity of SDlG, to address the question of foreground star contamination in SDIG. The result is two images of a region of sky located 170 arcsec north of SDIG in each of the J and Kn passbands.
The final images of SDIG are displayed in Fig. 1 (opposite). Overlap regions between the two different observing nights are indicated. The image in J is a composite of 112 120-s individual images, with the northern portion consisting of 60 images and the southern section containing 52 images, yielding a total on-source integration time of ~ 3.7 h in the overlap region. The Kn image is a composite of 148 images, with the northern section composed of 80 80-s exposures, and the southern part of the image consisting of 68 60-s exposures, giving a total on-source integration time within the overlap region of ~ 2.9 h. A similar amount of time was spent observing the sky.
To relate instrumental magnitudes (m inst) to standard magnitudes (mstd), transformation equations of the following form were employed:
where X is the airmass corresponding to the observation, and IX, fJ and yare the fitted parameters corresponding to the zero-point, scaling factor, and extinction coefficient, respectively. The values of IX, fJ and yare given in Table 3 . In the case of Kn, the transformation coefficients convert instrumental magnitudes into K magnitudes.
Photometry of individual stars was carried out using IRAP. Curves of growth of bright isolated stars were used to determine aperture corrections for the fainter stars. The magnitudes measured on the non-photometric night were corrected using stars in the portion of the SDIG field overlapping that of the photometric, night. The fully corrected near-infrared magnitudes of the stars in SDIG are presented in Table 4. 3.2 Broad-band imaging: optical Optical images of SDIG were taken at the //3.3 prime focus of the AAT. A 1024 x 1024 pixel Tektronix CCD was used, which provided an image scale of 0.4 arcsec pixel-1 and a field of view covering 7 x 7 arcmin 2 • Images in Band R were obtained in 1993 October at the AAT. The conditions were 
.5b having an exposure time of 300 s. We use these 'poor-seeing' images to derive global optical photometric properties of SOIG. Standard stars from the E regions of Graham (1982) were observed on both nights. Reductions of the optical broad-band images were carried out using lRAF. An overscan region 26 pixels wide was used to remove the bias level from each frame. For each filter, the signal in the sky fiats was sufficiently high that medians could be used to correct observations for both lowand high-frequency variations in response. By so doing, the amplitude of low-frequency variations was reduced from 5 to about 1.4 per cent. Individual frames were median-combined to produce final images. Photometric transformations were accomplished in the same manner as described for the near-infrared images. Transformation coefficients are given in Table 3. 3.3 Narrow-band imaging: Hex Narrow-band Hoc and continuum observations of SOIG were acquired on 1994 May 15 at the prime focus of the AAT using the same CCO as was employed for the broadband optical observations. We used an Hoc filter with ,,:\2 = 1.50 nm and centred on 656.9 nm to image the line emission. A filter with ,,:\2=5.50 nm and centred on 667.6 nm was used to gauge the continuum contribution to the line filter. The seeing was measured to be ~ 1.9 arcsec (FWHM) and conditions were photometric. Images of relatively blank areas of sky were taken at twilight and mediancombined to produce sky fiats for both filters. To calibrate the data, the spectrophotometric standard star LIT 377 (Stone & Baldwin 1983 ) was observed through both filters. Images were bias-corrected and trimmed in the same manner as the broad-band optical images. The sky fiats were used to remove spatial variations in the sensitivity of the
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To create an image displaying line emission only, the continuum image was scaled and then subtracted from the line image. The average FWHM for the continuum image was superior, so before scaling it was degraded by Gaussian smoothing to match that of the line image. To determine the appropriate scaling factor, the offset between the measured magnitude of LIT 377 (m inst) and the standard magnitude (mstd) was computed for each filter from equation (1). Finally, a calibrated continuum-free line image was created using the observation of the standard star through the line filter and the measured transmission curve of the line filter (see Jacoby, Quigley & Africano 1987) .
Surprisingly, no trace of emission is visible in the continuum-subtracted line image, with an upper limit of 3 x 10-16 erg S-1 cm-2 arcsec-2 • This indicates that the present rate of formation of massive stars is very low (see Section 4.3.1).
DISCUSSION

The resolved stellar population of SDIG
Colour-magnitude diagram
The near-infrared magnitudes of the stars resolved in SOIG have been used to form the colour-magnitude diagram (CMO) shown in Fig. 2 (assuming a distance modulus of 26.8). For comparison purposes, lines of constant bolometric magnitude and tracks for the giant branches of several globular clusters are included in the diagram. Bolometric corrections in K were computed from reddening-free J -K colours as follows: This equation is taken from Wood, Bessell & Fox (1983) , who fit the relation for the Small Magellanic Cloud over the colour range 0.6 < (J -K)o < 2.0. This relation can also be used to compute the bolometric correction for carbon stars (Bessell 1996, private communication) . It can be seen from the CMD that the stars detected in SDIG are redder and more luminous than those found in other systems. Whether or not these results are affected by systematic errors hinges upon a number of factors which are discussed below.
It is possible that the CMD is contaminated by objects unrelated to SDIG which happen to fall along the line of sight. Given the high galactic latitude and relatively small field covered, very few faint stars are expected in the nearinfrared (Cowie et al. 1994) . The best way to estimate the contamination by foreground stars and/or background galaxies is to examine a region of sky in the vicinity of SDIG. Our sky images to the north of SDIG are populated by 5.8 and 4.6 object arcmin -2 to J ~ 22 and Kn ~ 20, respectively. These results are consistent with recent studies of number counts in the near-infrared (e.g. Cowie et al. 1990 , Glazebrook et al. 1994 , Djorgovski et al. 1995 .
To remove background galaxies from our CMD, the set of programs called the Faint Objects Classification and Analysis System, FOCAS, was used to classify objects as stellar or extragalactic. Details of the method used for the classification are given by Valdes (1982) . Briefly, an image point spread function (psf) is constructed using several stars on the frame. Each object on the frame is then fit by a series of templates derived by broadening the psf to various scales. The classification is then based on this scale value. Analysis of the sky frames shows that 2.6 ± 1.5 stars and 3.7 ± 0.9 galaxies per arcmin 2 are expected, over the same magnitude range as objects identified in SDIG.
Classifications for the IR sources in the field of SDIG are given in Table 4 . The fact that our near-infrared images are undersampled makes classification of the very faint objects unreliable. We have classified as ambiguous those objects with uncertain classifications (too faint to classify with FOCAS, or classified differently in each bandpass).
The counts of galaxies in the SDIG frames are consistent with those found for the sky regions. Therefore, we conclude that fewer than three stars in the CMD for SDIG are likely to be foreground stars. All objects classified as galaxies are excluded from the CMD and from further analysis in this paper.
Given seeing limitations, and somewhat undersampled data, it is uncertain how well individual stars have been resolved in SDIG. If the measured stars are not resolved, but instead consist of blended images of two or more stars, magnitudes would be too bright. Three objects (4, 11, 12) in SDIG have been classified by FOCAS as possible blended stars. It is likely that these objects are not single stars, but unresolved multiples, and their total magnitudes are an upper limit as indicated in the CMD. We do not believe that many more stars are affected by crowding, as there is no evidence for unusual profiles in the rest of the sample. Furthermore, there is no way of explaining the extremely red colours through blending. We conclude, therefore, that the majority of luminous red sources within SDIG constitutes a real population of stars.
The CMD for SmG is similar to that for the dwarf elliptical galaxy M32 (Freedman 1992a, b) . (J -K)o colours extend as red as 2.5 in both SDIG and M32. The population detected here in SDIG lies within a bolometric magnitude range of approximately -2.5 to -4.5, which is about a magnitude fainter than the population detected in M32. However, the brightest stars in SDIG are 1 to 2 mag brighter in K compared with normal giant stars on the first red giant branch in Galactic globular clusters.
In M32, the luminous stars detected in the infrared are too red to be observable in the optical (Freedman 1989) . Comparison of our near-infrared images of SDIG with the blue photographic images of L W81· reveals four stars in common (labelled 4, 5, 7 and 13 in our Fig. 1 , and corresponding to 2, 16, 14 and 10 in fig. 1 of LW81) .
There are several possible explanations for the existence of a luminous red stellar population in SDIG. The bright stars may be M giants similar to the M giants in Baade's window (Frogel & Whitford 1987) , which are believed to form a natural extension of the bulge K giant sequence. However, at the low metallicity inferred for SDIG, such stars would not be expected to lie much further redward of the giant branch of 47 Tuc. Another possibility is that the stars we detect in SDIG are long-period variable stars (Whitelock, Feast & Catchpole 1991) , which are found in metal-rich globular clusters. Studies of M32 (Freedman 1992a ) have uncovered some variable stars, but the majority of stars observed in the near-infrared are non-variable. Given also the inferred low metallicity for SDIG (see Section 2.6), it is unlikely that long-period variables are the explanation. The metallicity argument also appears to rule out 'super-metal-rich' stars. At a given temperature, such stars have a slightly higher initial mass than the metal-poor giant stars (Frogel & Whitford 1987) , which enables them to evolve on to the asymptotic giant branch (AGB). However, to attain the bolometric magnitudes observed in SDIG, super-metal-rich stars would have to have metallicities much greater than solar. The above explanations have been ruled out for essentially the same reasons by Freedman (1992b) for M32 and Minniti, Olszewski & Rieke (1993) for M33.
The best possible explanation for the luminous red stars is that they are a population of AGB stars. Then, based on the inferred low metallicity, the very reddest stars
would most likely be carbon stars.
Dwarf galaxies are known to have undergone episodic bursts of star formation (Hodge 1989 ), so it is not unreasonable to consider that SDIG has had at least one episode of star formation prior to the most recent. Evolved states of stars with masses considerably higher than in very old systems like globular clusters would still be visible if a burst occurred within the last 2 to 8 X 10 9 yr.
Then & Renzini (1983) have derived a relationship between the age and maximum luminosity of AGB stars, which they find is not highly dependent on metallicity. However, it must be noted that the age derived is estimated to be uncertain by a factor of 3 primarily because of the uncertainty in mass loss. Stars with a bolometric magnitude of -4.5, an upper limit to the brightest stars in SDIG, should have ages of ~ 6 x 10 9 yr, although the uncertainty of ± 1 mag (Section 2.3) admits an age between 7 x 10 8 yr and more than 10 Gyr. Yet, the brightest blue stars, whose absolute magnitudes approach M B = -6 (see Section 2.3), are bright enough to be blue supergiants. Thus, they must have been formed within the last < 10 7 yr. If the identification of the luminous red stars in SDIG as an AGB population is correct, then it must be concluded that the most recent burst was not the first burst, and that SDIG does indeed contain an 'older' population.
Luminosity function
The bolometric luminosity function for the stars in SDIG is displayed in Fig. 3 . For those stars lacking photometry in either of the J or K bands, we adopted a mean value of 1.80 for (J -K)o, for which the bolometric correction in K is 3.15 mag. The three stars that were classified as blended multiples were assumed to be composed of two stars of equal brightness for the purposes of determining the bolometric luminosity function. Also plotted are the bolometric luminosity functions for M32 (Freedman 1992b ) and Baade's window (Frogel & Whitford 1987) . Note that the luminosity functions have been shifted in log N so that direct comparisons of their shapes can be made.
The luminosity function (LF) for SDIG is incomplete for Mbo! fainter than -2.8, but beyond this the counts tend to decline with luminosity in much the same way as observed for Baade's window and M32. However, we note that SDIG contains relatively few stars with Mbo! brighter than -4.2.
Global properties of SDIG
Total magnitudes, effective apertures and mean effective surface brightnesses
Photometry for individual stars was not feasible with the optical images as a result of the poor seeing conditions.
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However, these relatively deep images were useful for measuring the global photometric properties of SDIG. To determine the total magnitude in each bandpass, a modal value for the local sky level was calculated within an annulus of inner radius 120 arcsec and a width of 40 arcsec centred on the galaxy. Then, the sky-subtracted sum of pixel intensities in concentric circular apertures centred on the galaxy was calculated as a function of radius. The asymptotic limit of the curve of growth defined the integrated magnitude of the galaxy. The integrated magnitudes in each bandpass are BT = 15.56 ± 0.07 and RT = 14.78 ± 0.04, so (B -R)T= 0.78 ± 0.08.
In addition to total integrated magnitudes, curves of growth were used to specify for each passband the effective aperture Ae (the diameter of the circular aperture encompassing half of the total light) and the mean surface brightness m; within it (the mean effective surface brightness - 
Optical surface brightness profiles
Given the wide field of view, the images in Band R are ideal for examining the global surface brightness profiles of SDIG. Surface brightness profiles were computed using the ELLIPSE package in IRAP. Special care was taken to define the centre of the galaxy in a manner which would not be biased by bright foreground stars superimposed upon the main body of the galaxy. When foreground stars are present, a centre determined by the more standard tech- nique of intensity-weighted averaging of the marginal profiles may be errant, as the result will depend upon the size of the box within which the marginal sums are calculated and the position at which it is initially placed.
First, cuts along several rows (the x direction) were examined, and the centre of the distribution of light was calculated assuming symmetry about some pixel (ignoring bright spikes caused by bright stars either in the foreground or within the galaxy itself). Then the process was repeated for the columns (the y direction). The mean value of the x andy positions determined from the cuts was adopted as the centre of the galaxy.
With the central position held fixed, concentric elliptical isophotes were fit using an iterative method described by Jedrzejewski (1987) . The outer isophotes displayed an average ellipticity of 0.1 and a major axis position angle of -57°.
Within errors, results for the Band R images were the same.
Errors in the ellipse parameters were obtained from the scatter of residual intensities combined with the internal errors of the harmonic fits. Finally, to arrive at the surface brightness profiles, the data were run through the ellipse-fitting program again, but now with the centre, ellipticity and position angle held fixed. Errors in intensity, magnitude and local gradient were obtained directly from the rms scatter of intensity values along the fitted ellipses. Surface brightness profiles in Band R are displayed in Fig. 4 . The corresponding B -R colour profile is shown in Fig. 5 . The colour distribution of SDIG is typical of dwarf irregulars, with most dwarf irregulars showing at most weak colour gradients (cf., Cellone, Forte & Geisler 1994) .
For each passband, the run of surface brightness I with radius r was logarithmically fitted with a generalized exponential described by
The free parameters 10 , ex and n are, respectively, the central surface brightness, the scalelength and an exponent that governs the shape of the profile. A 'pure' exponential has n = 1, while a de Vaucouleurs profile has n =0.25. Owing to the poor seeing, the central 6 pixels in the B profile and the central 3 pixels in the R profile were excluded from the fits. Solutions are given in Table 5 . With n free to vary, solutions converged upon profiles very close to a 'pure' exponential ('free fits' in Table 5 ), which is typical of dwarf irregular galaxies. Consequently, fits were repeated with n fixed at unity (,forced fits' in Table 5 ). Plots of these last fits to the surface brightness profiles are displayed in Fig. 4 .
Relative to the models, both the Band R profiles are deficient in light in the core of SDIG, with the deficiency being greatest in B. It is possible that the poorer seeing of the B image flattened the surface brightness profile in the core, but this alone cannot account for the radial extent of the discrepancy between the fit and the observations. If star formation had propagated outwards in SDIG, as is known to occur in dwarf irregulars, it would be possible to produce a profile which is underluminous in the core and overluminous in regions further out (where star formation has most recently occurred). However, the core would be expected to be redder than the periphery, and, perhaps, deficient in H I. Examination of the colour profile reveals Figure 5 . B -R colour profile for SDIG. the opposite; B -R increases outward by ~ 0.2 mag over a radial distance of 30 arcsec. Also, interferometry shows that the H I in SDIG is centrally concentrated, with the emission peaking at the centre of the galaxy and decreasing outwards (Cote 1995) . Extinction by dust concentrated in the centre of SDIG could make the surface brightness profile underluminous in the core. If we assume that the generalized exponential fit represents the true surface brightness profile, the obscuration can be determined from the difference between the model and the data. The resulting extinction profile in B is displayed in Fig. 6(a) . Approximating the dust to be entirely in front of the starlight, the peak extinction corresponds to E(B -V)=0.08 ± 0.04 mag (assuming a ratio of total to selective extinction of 3.3). This is most certainly an upper limit as seeing flattens the profile in the centre. Having derived the extinction as a function of radius in the B band, we can then apply a reddening law (e.g. Howarth 1983 ) to determine the obscuration in the R band (again, assuming the obscuring dust is in front of the stars). Applying the extinction to the generalized exponential fit in the R band results in a curve which is consistent with the observed profile (Fig. 6b) . Thus, we conclude that the light profiles of SDIG may point to the existence of dust in the central region of the galaxy.
The evolution of SDIG
Star formation
Since no H II regions are detected in the HCI( image ofSDIG, we can derive only an upper limit to the surface brightness of HCI(. Based upon three times the rms of the continuumsubtracted image, the upper limit is 3 x 10-16 erg S-1 cm-2 arcsec-2 • In disc galaxies, the surface density of H II regions tracks the disc light (Kennicutt 1989 The SDIG: present and past 383 scalelength and ellipticity of any H II region population in SDIG is the same as observed for the disc in B, then the upper limit to the total HCI( flux is 4.6 X 10-13 erg S-1 cm-2 . Based upon the adopted distance, the upper limit to the HCI( luminosity is 3 x 10 38 erg S-2, which could be created by ionizing radiation from nine 05 main-sequence stars or 850 BO main-sequence stars. Although such a low level of HCI( emission is rare for dwarf irregular galaxies, there exists at least one other, the Pegasus dwarf (Aparicio & Gallart 1995) , which is observed to have scarcely any HCI( emission. The observed HCI( luminosity for the Pegasus dwarf is equivalent to just one BO ionizing star. In comparison, the most metal-poor blue compact dwarf galaxy IZw18, with MB = -14.3,has an HCI( luminosity of 7.5 x 10 39 erg S-1 (Dufour & Hester 1990) , corresponding to 220 05 mainsequence or 21 000 BO main-sequence stars.
The star formation rate 'PH. is related to the HIX lumino-
where the luminosity is in units of erg S-I (Gallagher, Hunter & Tutukov 1984) . The upper limit for the star formation rate in SDIG based upon the HIX luminosity is 2 x 10-3 Mo yr-I • The star formation rate can also be determined from farinfrared emision. The far-infrared flux F p1R within a square bandpass with Aeff =82.5 11m and L\A=80 11m is, for normal galaxies, essentially independent of the intrinsic energy distribution (Lonsdale et al. 1985) . It can be computed from the fluxes / at 60 and 100 11m as follows: FFIR = 1.26 x 10-14 [2.58/(60 11m) + /(100 11m)].
Here, / is in units of Jy, and Fp1R is in units of W m -2. The star formation rate is then given by (6) where L plR is the luminosity corresponding to F pIR , in units of erg S-I (see, e.g., Hunter 1986).
The upper limit to 'PFiR as determined from the infrared flux limits is 4 x 10-4 Mo yr-I • The limit is a factor of 5 lower than that gained from HIX. However, inherent in the derivation of a star formation rate from far-infrared fluxes is the assumption of a normal dust-to-gas ratio. If the dust in SDIG were depleted, as indicated by the relatively small internal extinction, then less radiation would be converted to far-infrared wavelengths. This means that more hot stars would be required to produce a given far-infrared flux. Thus, the far-infrared limit to the star formation rate is likely to be too low.
Spiral galaxies have star formation rates of up to 20 Mo yr-I , while typical dwarf irregulars have star formation rates of 0.5 to 2 Mo yr-I (Kennicutt 1983) . The star formation rate in SDIG is at least a factor of 250 below that of typical dwarf irregulars. Given the normal H I content and the existence of the old population, one can only regard SDIG as a dwarf irregular in quiescence. Bothun et al. (1986) argued that dwarf irregular galaxies cannot be the progenitors of dwarf spheroidals because the surface brightnesses of star-forming dwarf irregulars are already so faint that fading following the cessation of star formation would produce an object much fainter than a dwarf spheroidal. Even though recent chemical evidence seems to rule out a connection between the two classes of galaxies (Richer & McCall 1995) , it is worthwhile examining the photometric argument as it pertains to SDIG, especially now that improved data have become available for the dwarf spheroidal galaxies orbiting the Milky Way (Irwin & Hatzidimitriou 1995) . Presently, SDIG lies right on the photometric track defined by the dwarf spheroidals. What is most important, though, is that no matter how much SDIG fades, it will continue to lie on this track. Thus, galaxies like SDIG cannot be ruled out as progenitors of dwarf spheroidals purely on photometric grounds. Pagel (1986) showed that the oxygen abundance in starforming dwarf galaxies increases linearly as the logarithm of the gas fraction decreases. Based upon the oxygen abundance inferred for SDIG, the fraction of the nucleogenetic pool that is gaseous should be 0.82 ± 0.12. Thus, only 18 per cent of the mass of SDIG should have been converted to stars, with log Mstar,}Mgas = -0.66 ± 0.33. However, assuming a helium mass fraction Y = 0.23 (the primordial value, from Izotov, Thuan & Lipovetsky 1994) , the observations of the luminosities in Band 21 cm reveal 10gLBI Mgas = 0.05 ±OAO (LB'OIMO). To be consistent with M star,} Mgas , the mass-to-light ratio for the stars in B must be only 0.20, a value expected of systems which are actively forming stars (Bahcall & Soneira 1984; Persic & Salucci 1988 ). Yet, (B -V)~ ~ 0.64, close to the colour of the Sun. In the solar neighbourhood, the colour of the disc is (B -V)0 = 0.70 and the mass-to-light ratio of the stellar component is Mstarsl LB=2.1 (McCall 1996) . If Mstars/LB -1 in SDIG, then Mstarsl Mgas inferred from the metallicity is a factor of 5 too low.
Photometric evolution
Chemical evolution
A higher metallicity could reconcile the predicted value of MstarslMgas with the observations. However, we do not have any independent evidence to support a higher metallicity for SDIG. Assuming the low value of the oxygen abundance inferred for SDIG, there are two ways to account for the small value of MstarslMgas. Either the yield of oxygen in SD IG has been lower than observed in other dwarfs (almost all more metal-rich) by a factor of 4, or SDIG has lost at least 80 per cent of its gas since it started forming stars. A low yield would require the initial mass function to be steeper, i.e. deficient in high-mass stars. Such an explana- tion would have significant implications for the formation of galaxies, especially given the failure to detect primeval galaxies through searches for LIX emission. However, gas loss is thought to be a natural part of the evolution of dwarfs, and may well be at the root of the luminositymetallicity relation (Pagel 1986; Dekel & Silk 1986; Richer & McCall 1995) .
CONCLUSIONS
The stellar content and global properties of SDIG have been examined to study its present state of evolution and the history of star formation. The primary aim of the study was to identify whether or not the most recent burst of star formation of SDIG was its first. An infrared colour-magnitude diagram reveals that SDIG contains a number of luminous red stars. These are best explained as members of an intermediate-age asymptotic giant branch population. From the bolometric magnitudes of the brightest stars, the population is estimated to be at least ~ 6 Gyr old.
The optical images show many blue stars, indicating that stars formed within the past 10 Myr. Given the age of the luminous red stars, SDIG must have hosted star formation prior to the most recent burst. In other words, SDIG contains an old population.
Besides being rich in gas, optical surface brightness profiles of SDIG closely follow an exponential model. There is no doubt that the galaxy is correctly classified as a dwarf irregular.
Despite the fact that SDIG is rich in neutral hydrogen, no H II regions are detectable. The present rate of star formation is estimated to be below 2 x 10-3 Mo yr-l. It is concluded that SDIG started forming stars at least 6 Gyr ago, undertaking its latest burst about 10 Myr ago, but that the galaxy is presently quiescent. Based upon M(H I)/L8' the galaxy has faded by less than a magnitude since the last burst.
For its luminosity, the surface brightness of SDIG is typical of that observed for dwarf spheroidal galaxies. Also, the rate at which the surface brightness of dwarf spheroidals declines with luminosity is the same as the rate at which the surface brightness of SDIG will fall with its luminosity as it fades. Thus, photometric arguments alone cannot rule out galaxies like SDIG as progenitors of dwarf spheroidals.
On the basis of its luminosity, SDIG is predicted to be one of the most metal-poor dwarf irregulars known, even though the ratio of the stellar mass to the gas mass appears to be close to unity. The most likely explanation for the paradox is that SDIG has been losing gas, either directly from supernovae or through the energizing of the interstellar medium by supernovae. However, it is also possible that the yield of oxygen has been significantly less than observed for more metal-rich systems. This could arise if the initial mass function has been deficient in high-mass stars. If so, one might attribute the failure of searches for LIX emission from primeval galaxies to a disproportionately small amount of ionized gas.
It is imperative to improve the estimate of the distance to SDIG in order to better compare the stellar populations with other nearby galaxies and to assess the evolutionary state of SDIG with respect to other dwarf irregulars. Identi-© 1997 RAS, MNRAS 285, 374-386
The SDIG: present and past 385 fication of Cepheid variables would be particularly valuable.
A photometric study extending to fainter magnitudes is required in order to confirm that the stars that have been detected in the near-infrared images belong to an intermediate-age AGB population. The detection of a strong giant branch, approximately 2 mag fainter than the magnitude limit of this work, would provide an opportunity to examine the metallicity in SDIG directly by comparing it with the giant branches of globular clusters with known metallicities. To do so, J -K colours with errors less than ± 0.015 would be required. Such precision may be possible to achieve using the Hubble Space Telescope once it has been fitted with the near-infrared camera NICMOS.
